The methods of testing possible new chemotherapeutic agents against pox viruses have been almost as widely varied as the types of substances tested. Andrewes et al. (1943) mixed the compound to be tested with a suspension of vaccinia in vitro prior to injection intradermally in a rabbit. Thompson and Wilkin (1948) added the test substance to a Maitland type of tissue culture of vaccinia and titrated the culture intradermally in rabbits. Sprunt (1942) infected rabbits intradermally and treated the animals subcutaneously prior to and following vaccination. Groupe and Rake (1947) mixed canary pox virus with the test substance in vitro and 1 hour later injected the mixture into the yolk sac of 6-day-old chick embryos. Substances active in this test were retested by injecting the test substance first into the yolk sac followed by the infecting dose of virus. Cutting et al. (1947) used vaccinia both in mice infected intracerebrally and in chick embryos infected via the yolk sac 1 to 2 hours after the test substance had been injected into the yolk sac. Nagler and Rake (1950) , using vaccinia via the yolk sac of chick embryos, mixed the substance to be tested with the infecting dose or injected it into the yok sac 30 minutes after infection.
For the screening tests in our laboratories the chick embryo was chosen as the host for vaccinia because the infection can be easily standardized to produce death of all eggs in a given time and a large number of samples can be tested quickly. The only technical difficulty is the preparation of solutions of some organic compounds insoluble in water, and this was circumvented by using 25 per cent triethylene glycol, which is not toxic for 6-day chick embryos and has no effect upon vaccinial infection in our tests. The advantage of this type of test lies in the probability that it would not fail to select truly active substances that might be missed by less sensitive procedures. For confirmatory purposes more rigorous tests such as those depending upon abortion or cure of animal infections should be applied.
One The vaccinia virus used as inoculum for all of our experiments consisted of a frozen suspension of pooled chorioallantoic membranes heavily infected with vaccinia virus (New York Board of Health strain). The preparation of such pools has been described by Nagler and Rake (1950) , and, briefly, consisted of blending the membranes with undiluted yolk from normal 6-day eggs, using 9 parts of yolk for each gram of membrane (to make a 101 dilution of virus), and dispensing aliquots into glass ampules, which were sealed, then frozen in a dry-ice-alcohol mixture, and stored in a dry-ice box. The LDro of this pool for chick embryos via the yolk sac was 107"66. For the tests, an ampule was thawed, the contents were diluted in beef heart infusion broth, and 0.25 ml of the dilution were inoculated into the yolk sac of 6-day-old chick embryos, which were subsequently incubated at 36 C. 176.7, 262.1, 232.8, 274.6 , and 431.5 hours2 for virus dilutions 10<4°, 10-46, 10-5-J -5 , and 10-6.2, respectively. It is noted that the variance increased as the average survival time increased. This is undesirable from the point of view of making statistical tests of significance, for which a constant variance is greatly to be preferred. Accordingly some transformation of the survival time was considered with the aim of finding one that gives a stable variance. The reciprocal is immediately attractive as it permits the inclusion in the results of a small percentage of survivors: these can be recorded as zero and included in taking the average reciprocal survival time. The variances in reciprocal hours2 for the same five groups above are 331.0, 175.1, 177.6, 171.5, and 128.1. This series shows less of a systematic drift than that for survival time, particularly if the range of virus dilutions is greater than 10-40 (survival time not less than 96 hours).
A graph of reciprocal survival time against the logarithm of the dilution of the virus shows appreciable curvature for dilutions greater than 106.2; at this point survivors start occurring and thereby lower the average, when recorded as zero reciprocal survival time, more than would be anticipated on a straight line extrapolation. However, over the range of dilutions 10 4-0 to 10t6°the graph can be regarded as linear. Accordingly it was decided to work within this range, using mean reciprocal survival time as the measure of any given set of conditions.
It would be permissible to administer one chosen dilution of virus to the eggs, divide them into two groups, one treated and one control, and test the significance of the difference in reciprocal survival time. However, if one compound gave a delay D1, greater than that of another compound D2, but less than that of a third, D3, it would be possible to rank the drugs in the order of their efficacy, but no nuimerical magnitude could be assigned to them and thus it would not be possible to say that the degree to which Ds was greater than D1 exceeded or was less than the degree to which D1 was better than D2. In an attempt to obtain numerical estimates, therefore, the following hypothesis was set up: "If any chemotherapeutic agent is found to be active against vaccinia virus, it will have an action (within a certain range of virus concentrations) such as to reduce the virus concentration by a factor M." This is a situation analogous to that in a bioassay, e.g., of vitamins, in which a response (often some parameter of growth) is linearly proportional to the logarithm of the dose of the vitamin. In such a vitamin assay, if two preparations are being compared, it is assumed that the ratio of the potencies of the two preparations is the same at all doses; if this is not the case, it will show up as nonparallelism of the response curves. In the same way, if our assumption stated above, namely, that any active chemotherapeutic agent reduces the virus concentration by a factor M, constant over the range considered, is false, then this will show up also by nonparallelism of the two response curves.
METHOD ADOPTED FOR CHEMOTHERAPY TEST
The chemotherapy test was set up as follows: An ampule of the frozen vaccinia pool was thawed and diluted in beef heart infusion broth to 10-60-, 10-8, and 10-5-6 (equivalent to approximately 360, 180, and 90 LD60 doses, respectively), and 0.25 ml of each dilution were injected into the yolk sac of six 6-day-old chick embryos for each substance to be tested plus a group of six at each dilution to be treated with saline as controls. Thus each substance was tested in 18 eggs in 3 1951] groups of 6 eggs each. The substances being tested were injected, in 0.5-ml volume, into the yolk sac 30 minutes after infection. The eggs were incubated at 36 C and candled twice daily, at 8 A.M. and 4 P.M., except on Saturdays and Sundays when they were candled once daily. The chorioallantoic membranes of the dead eggs were examined for pocks to confirm the cause of death. Sterility tests were made on all material injected into the eggs. The solutions of the compounds reported in this paper were sterilized by being heated in boiling water for 20 minutes.
CALCULATION OF RESULTS OF TESTS
The activity of each compound, expressed as log M, was calculated as follows:
Let the mean reciprocal survival time be X1, A2, and Xs for the controls (treated with saline) and Y1, Y2, and Ys for the tested compound, the subnumbers 1, 2, and 3 corresponding to the 3 virus dilutions 10-60, 10-5-3, and 10-5-6, respectively. Then one estimate of the slope of the response curve (i.e., the change in mean reciprocal survival time for a change in log dilution of virus (d) hours, corresponding to 84.5 hours. In hours, at the mid-point of the scale of the experiment, therefore, the 95 per cent error limit for a single egg is about (115 -84) = 31 hours, a figure that is reasonable considering the inevitable uncertainties in candling once or twice daily and the inevitable variability in the response of the eggs.
In table 3, line 4 measures whether there is any over-all curvature of the line response (reciprocal survival time) versus log dilution of the virus. Line 7 measures the extent to which such curvatures, if present, may be different for the groups treated with saline as compared with drug. Line 9 measures the extent to which such curvature, if present, may vary from test to test. All these three mean squares are well below the 5 per cent level of significance when tested with the customary variance ratio test, and it may be concluded that such curvatures are negligible and the response curve is linear.
Line 6 measures the extent to which the slope of the line response (in reciprocal hours) versus the log dilution of virus differs for the saline group and the treated group. The smallness of this mean square implies that the two lines are parallel within the experimental error, and therefore the use of the formula for log M, which was based on the assumption of parallelism, is justified.
Line 8 measures the extent to which the slope of the response curve varies from test to test. The variance ratio of 1.80 is well below the 5 per cent point for these degrees of freedom, 2.26, and therefore it may be concluded that the slope is constant (within experimental error) for the whole series of tests. Therefore the formula for log M may be simplified by using as the estimate for the denominator the over-all average for all tests in this period. For 93 determinations the average slope obtained is 10.219 reciprocal hours, and substituting twice this for the denominator (Y3 -Y1 + X3 -X):
For tests of significance an estimate of the residual error is required. Over a period of 5 months the curvature components of the saline controls and of all thiosemicarbazones tested were tabulated. These showed statistical stability, and accordingly their residual variance was combined with further estimates from two series of experiments (one of them the series on MC 2343 described above) to give us a weighted average of 42.246 reciprocal hours2 with 136 degrees of freedom.
In any given test, in the formula for log M, the denominator, being the average of a very large number of observations, is known relatively exactly. The numerator being a combination of six terms each with a variance q.2, will have a variance of 6 cr02, or a standard deviation of 15.92 reciprocal hours.
In calculating those limits for log M that must be reached in order for the result to have a particular significance level, it must be remembered that only active compounds are important. In statistical terminology, therefore, singletailed tests are made, and the value of t, with approximately 120 degrees of freedom, corresponding to, e.g., the 95 per cent level of significance, is 1.66 (and not 1.98 as in the more usual two-tailed test of significance). The resulting least significant differences for various situations that occur commonly in interpretations of results are given in table 4.
It should be noted in The method of calculating log M from the formula operates on a small range of virus dilutions and deduces log M by mathematical means. As a more direct check the following experiment was carried out: A standard curve was set up by treating with saline groups of six eggs infected with 10-6, 10-49, 10-6.2, 10-5.9y 10-6-2, and 10-6 5 dilutions of vaccinia. Mean reciprocal survival times of 107.3, 104.8, 101.1, 83.5, 81.8 , and 75.8 were obtained. The least squares line was then drawn through these points. Three further groups of six eggs each were given 0.01 mg MC 2343 thirty minutes after infection with 10-3 3, 10-13, and 10i3-9 dilutions of vaccinia, these giving mean reciprocal survival times of 95.7, 95.7, and 93.3, respectively. The virus dilution corresponding to these mean reciprocal survival times can now be read off the standard curve. For example, The agreement of these two direct methods with the indirect is additional evidence in favor of the hypothesis set up earlier; namely, a given concentration of an active compound reduces the virus concentration by a constant fraction, independent over quite a range of what that virus concentration is.
SUMMARY
A test for antivaccinia virus agents is described, using chick embryos. With virus concentrations of approximately 20 to 3,500 LD50 units the reciprocal survival time has a constant variance and is linearly related to the logarithm of the virus concentration. Accordingly a six-point assay form of test was used and the activity of antiviral agents denoted by the logarithm of the factor by which they reduce the effective virus concentration.
The results of a series of tests of p-aminobenzaldehyde, 3-thiosemicarbazone are given. Analysis of variance confirms the assumptions of the tests and supplementary experiments confirm the numerical value for the activity.
